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9,11 When brain MRI findings and clinical presentation are typical of spontaneous intracranial hypotension, then treatment with epidural blood patching can proceed without the need for further imaging. In patients with normal brain MRI findings and in those with persistent symptoms despite epidural blood patching, spinal imaging often is recommended to search for an underlying spinal CSF leak. Although in most patients a spinal CSF leak can be found, in some patients with spontaneous intracranial hypotension, no CSF leak can ever be demonstrated despite extensive evaluation with various imaging modalities such as MRI, radionuclide cisternography, CT myelography, T2-weighted MRI myelography, and intrathecal Gdenhanced MRI myelography. [1] [2] [3] [8] [9] [10] [11] [12] 15, 17 This failure to localize a CSF leak can limit treatment options.
We recently reported the fortuitous discovery of CSFvenous fistulas in some patients with spontaneous intracranial hypotension. 13 These fistulas were found not only in patients with spinal CSF leaks but also in patients without any detectable CSF leak. We now report on the yield of finding a CSF-venous fistula by performing digital subtraction myelography (DSM) in patients with spontaneous intracranial hypotension but no CSF leak identifiable on conventional spinal imaging (i.e., non-DSM).
The patient population consisted of a group of 53 consecutive patients with spontaneous intracranial hypotension who underwent DSM between April 1, 2013, and September 30, 2014, but had no spinal CSF leak identifiable (i.e., presence of extradural CSF) on conventional CT myelography, MRI, or MR myelography. The diagnosis of spontaneous intracranial hypotension was made using the criteria of the International Classification of Headache Disorders, Third Edition (ICHD-3) 4 ( Table 1) . In all patients, the DSM technique, as described by Hoxworth et al., 5, 6, 12 was used with some minor modifications. Briefly, DSM is performed with the patient in a state of general endotracheal anesthesia with deep paralysis and suspended respiration for maximal detail and temporal resolution. The patient is positioned prone in a biplane angiography suite with tilt-table capability. Foam padding or pillows are placed to reduce lumbar lordosis and overcome thoracic kyphosis. A fluoroscopically guided lumbar puncture is performed at the L2-3 level with a 20-gauge spinal needle. An opening pressure is obtained at this time (with the patient prone and in a state of general endotracheal anesthesia). Accurate needle positioning is confirmed with an injection of 0.5 ml of Omnipaque. The patient is then repositioned, based on the area of interest, and the table is tilted to achieve contrast flow to the cervicothoracic spine. Finally, contrast (1 ml/second) is injected manually while the patient's respiration is suspended for 40-60 seconds, and biplane subtraction images are acquired at 2 frames/ second. Venous pressure is not measured.
Each patient completed a Migraine Disability Assessment (MiDAS) questionnaire to assess the severity of the symptoms before and after treatment. 16 A MiDAS score of 0-5 (Grade I) is considered equal to little or no disability, scores of 6-10 (Grade II) indicate mild disability, scores of 11-20 (Grade III) indicate moderate disability, and scores higher than 20 (Grade IV) indicate severe disability.
For statistical analysis, ANOVA and the Fisher exact test were used to compare groups and patient characteristics, respectively.
results
Characteristics of the 53 patients are presented in Table  2 . The mean age of the 33 women and 20 men was 53.4 years (range 29-71 years). Every patient had presented with orthostatic headache. The duration of symptoms ranged from 2 to 172 months (mean 47 months). Every patient had undergone brain MRI examination, which in 42 (79%) of the patients showed 1 or more of the typical stigmata (brain sagging, pachymeningeal enhancement, and subdural fluid collections) of spontaneous intracranial hypotension, although brain MRI findings had normal- ized in 9 of these patients by the time of DSM. Although no CSF leak was identified on recent conventional spinal imaging in any of the 53 patients, 10 patients had undergone spinal imaging between 2 and 9 years earlier that had shown the presence of a CSF leak. Eight patients had always had normal brain MRI findings and never had a CSF leak revealed by spinal imaging, but all the patients had an abnormally low opening pressure on lumbar puncture (less than 6 cm H 2 O). Thus, each patient showed objective evidence of spontaneous intracranial hypotension, as is required to fulfill ICHD-3 criteria. Each patient had undergone at least 2 epidural blood or fibrin-glue patch procedures, and 6 patients had undergone surgical treatment of spinal CSF leak or spinal meningeal diverticula.
A CSF-venous fistula was found in 10 (19%) of the 53 patients. The mean age of these 9 women and 1 man was 51.8 years (range 34-64 years). The duration of symptoms ranged from 5 to 121 months (mean 38 months). We were not able to identify any factors associated with an increased likelihood of finding a CSF-venous fistula on DSM (Table  2) . CSF-venous fistulas were found in 9 (27%) of the 33 women and in 1 (5%) of the 20 men, but this result was of only borderline statistical significance (p = 0.0697).
Every CSF-venous fistula was located in the thoracic spine, as shown in Fig. 1 . Multiple fistulas were not encountered. The diameters of the venous channel were approximately 1-2 mm. Typical examples of these CSFvenous fistulas demonstrated by DSM are shown in Fig. 2 and Videos 1 and 2. At the time of DSM, opening pressure was unmeasurably low in 1 patient and normal in 9 patients (range 9-13 cm H 2 O). Opening pressure at the time of the initial lumbar puncture, however, was below normal in 6 patients (range 0-5.5 cm H 2 O).
Before treatment of the spinal CSF-venous fistula, the MiDAS grade was III (moderate disability) in 2 patients and IV (severe disability) in 8 patients.
Four patients were treated initially with percutaneous fibrin sealant injection directed at the site of the CSF-venous fistula. There were no complications from the percutaneous fibrin sealant injection. The injection resulted in complete resolution of symptoms in 1 patient (MiDAS Grade I) (follow-up 6 months), whereas symptoms persisted in the other 3 patients. These 3 patients, as well as the other 6 patients, underwent surgery for their fistula. In 6 patients, the fistula consisted of a network of engorged veins surrounding the proximal spinal nerve root sleeve (with or without cyst development). Treatment consisted of bipolar coagulation of this venous network. In 3 patients, the fistula consisted of a single discrete draining venous channel (Fig. 3) near the origin of, but not involving, the spinal nerve root sleeve. Treatment consisted of clipping and ligation of the venous channel (Video 3) in 2 patients and bipolar coagulation of the venous channel in 1 patient. There were no complications from the microsurgical treatment. Surgery resulted in complete resolution of symptoms in 8 patients (MiDAS Grade I; follow-up 7-23 months), whereas in 1 patient, symptoms recurred after 4 months. Repeat DSM did not show the CSF-venous fistula, and treatment with multiple epidural blood patches resumed. The stigmata of spontaneous intracranial hypotension on brain MRI resolved in all 6 patients. 
Discussion
In this study, we found spinal CSF-venous fistulas in approximately one-fifth of the patients with spontaneous intracranial hypotension but no CSF leak identifiable on conventional spinal imaging. Only single CSF-venous fistulas were found, and only in the thoracic spine. Treatment of these fistulas was uncomplicated, usually consisted of surgery, and was successful in 90% of the patients. Symptom relief was durable, but follow-up has been limited because of the very recent discovery of these fistulas. At surgery, the fistula consisted of either a network of veins surrounding the spinal nerve root sleeve or a single draining venous channel near the origin of the spinal nerve root sleeve. It is not clear if the fistulas represent abnormal anatomical structures or abnormally dilated vascular conduits. Arachnoid granulations along the proximal spinal nerve root sleeves extending into the lumen of a vein have been described, 6 and intradural and extradural venous engorgement is a common finding in patients with spontaneous intracranial hypotension. 7 Spinal CSF-venous fistulas were found in patients with normal brain MRI findings and in those with abnormal brain MRI findings and in patients with previous spinal imaging showing a CSF leak and in those without such a history. These fistulas were found more commonly in women than in men, but this finding did not reach statistical significance.
It is not surprising that these CSF-venous fistulas were not detected by cross-sectional imaging techniques (e.g., MRI or CT myelography, or even conventional myelography). Although not as fast as an arteriovenous fistula, this entity requires rapid imaging with superior spatial and temporal resolution, which is best achieved with DSM.
The inability to find a spinal CSF leak limits treatment options for patients with intractable spontaneous intracranial hypotension, and we suggest that DSM be considered for this patient population, although the actual yield of finding a CSF-venous fistula is relatively low.
The underlying cause of spontaneous intracranial hy- In this study, we found CSF-venous fistulas in approximately one-fifth of the patients with recalcitrant spontaneous intracranial hypotension but no CSF leak identifiable on conventional spinal imaging. We suggest that DSM be considered in this patient population.
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